Background
Introduction
Child deaths, which are one of the most important health indicators for a country, represent the socio-economic development of a population and have received considerable attention from national and international agencies in the last few decades because of their inclusion in the Millennium Development Goals (MDGs) [1, 2, 3] . A significant number of projects and programs have been conducted worldwide to reduce the under-five child deaths, especially in resource-limited countries, by two-thirds in 2015. In 2013, WHO reported that among the total of 6.3 million deaths of children aged under-five, 74% of them (4.6 million) died within the infancy period. However, 45% died within the first few months after birth. Almost 83% of this child mortality was due to neonatal, infectious or nutritional conditions. Although the number of under-five deaths has declined worldwide in recent decades (from 12.7 million in 1990 to 6.3 million in 2013), the number is still alarmingly high [4] . In addition, the high burden of child mortality still exists in South Asia (one child dies out of 15 before reaching 5 years of age) as well as Sub-Saharan Africa (one child dies out of 8) [2, 5] . About 33% of global child mortality occurs in South Asian countries, compared to less than 1% in high-income countries [6] . In Bangladesh, the mortality of children has followed a declining trend, having reduced from 133 deaths per 1000 in 1993 to 53 deaths per 1000 in 2011, which confirms that Bangladesh is more likely to reach target 4 of the MDG (48 deaths per 1000 children under 18 years of age) by 2015 [7] .
Child deaths, as reported in previous studies, is associated with various socio-demographic, and health related characteristics, e.g., lower parental education, lower socioeconomic status, and higher order of birth are associated with increasing risk of child mortality [8, 9, 10] . Whereas, large birth spacing, lower birth order, urban dwelling, and high socioeconomic status are associated with a lower risk of child mortality [10, 11, 12] . Moreover, another study in Bangladesh identified parent's education, parent's occupation, delivery and size of child as significant determinants of child mortality [13, 14] . A few studies also reported a significant difference in child deaths between urban and rural areas [15, 16] . In addition, a multi-country study confirmed that higher national income is associated with a lower rate of child deaths [17] .
In developing countries like Bangladesh, women are neglected in almost all aspects of life. In addition, such negligence starts from the childhood, as households, especially from rural areas and among the uneducated have a desire for a male child. Even the family is unhappy for the birth of a female baby. Moreover, social disparity and gender differences for health care exist; for example, girls experience a delay in the intervention for their illness compared to boys [18] . Therefore, the same factor may affect child deaths in a different fashion (severity) for male and female children. Although some studies have been conducted in the field of child mortality in Bangladesh [10, 13, 14, 19] , they did not study child deaths separately for male and female children. Therefore, the objective of this study is to determine the risk factors that influence child deaths in Bangladesh among males and females separately.
Methods

Sample Design
This is a cross-sectional study using data from the BDHS, 2011.
Study Setting
There are seven administrative divisions in Bangladesh-Dhaka, Rajshahi, Rangpur, Chittagong, Khulna, Barisal and Sylhet. One division is subdivided into districts (zilas), and each district is divided into administrative units (upazilas), which are further divided into urban and rural areas. An urban area is divided into wards and city corporation units (mohallas) within a ward, while a rural area is divided into union parishes (UP) and villages (mouzas) within a union parish. The 2011 population and housing census, together with the Bangladesh Bureau of Statistics (BBS), were used as the sampling frame for the list of enumeration areas (EAs) in this survey [7] .
Sampling Procedure
A two-stage stratified sample of households was the basis for this survey. In the first stage, 207 clusters in urban areas and 393 in rural areas were selected totaling 600 enumeration areas with proportional probability. In the second stage, on average, 30 households were selected based on the demographic and health survey variables, for both the urban and rural areas in seven divisions by systematic sample. The survey selected 17,842 residential households within this study design [7] .
Main Objective
The main objective of the study is to determine the prevalence and risk factors of child deaths in Bangladesh.
Data Analysis
The statistical analysis of the results was measured using the IBM statistics Version 21. The χ 2 test was used to determine the significant associations with the child deaths (boys and girls) and respondents age, place of residence, educational level, socioeconomic status, total number of children ever born, birth interval, mode of delivery and size of child at last birth. Logistic regression analysis was conducted to determine the risk factors with child deaths (boys and girls) and respondents age, place of residence, educational level, socioeconomic status, total number of children ever born, birth interval, mode of delivery and size of child at last birth (Table 1) . A P value of 0.05 was considered significant at the 95% CI (Confidence Interval) level. The dependent variable used in the model was the dichotomous binary variable: Y = 1 if have child deaths (boys and girls) and Y = 0, otherwise. Respondents age, place of residence, educational level, socioeconomic status, total number of children ever born, birth interval, mode of delivery and size of child at last birth were considered as predictor variables in this model. Perform preliminary analyses using univariate tests such as chi-square test. Such initial analyses provide a better grasp of what is happening in the data and may point the potential important variable(s) to be used for the multivariate analysis. As a general rule, perform univariate analyses for each independent variable, if they are significant at p-value of 0.25 then select them to the multivariate analysis. If the χ 2 test for a single independent variable is not significant there is no need to include it in the logistic regression analysis. The rural population refers to the people living in rural areas and urban refers to the people living in urban or city areas. There is a difference between urban and rural in that urban people have access to medical facilities, health care centers, good communication facilities, living standards and schooling compared to rural areas. Poor people refers to those with a monthly income of less than 3000 Bangladeshi Taka, middle class people refers to those with a monthly income of 3000-15,000 and rich people refers to those with a monthly income of more than 15,000 Bangladeshi Taka. If the baby size is 2700-4000 grams (6-9 pounds) that means average baby size, less than 2700 grams is small and more than 4000 grams is large [7] .
Ethics Statement
Ethical approval was obtained from the Ministry of Health and Family Welfare, Dhaka, Bangladesh. International Credit Finance (ICF) provided financial and technical assistance for the survey through USAID/Bangladesh. The BDHS is part of the worldwide Demographic and Health Surveys program, which is designed to collect data on child health [7] . Informed written consent was obtained from all women prior to the study.
Results
Distribution of Child Mortality According to Socio-demographic Characteristics
The total women participants included in the study numbered 16,025. The results of the associations of child mortality for several socio-demographic characteristics of women are presented in Table 2 . The findings from the present study indicated that the prevalence of male children dying was 13.0% and 11.6% for female children. For both sexes, child deaths was significantly associated with mothers' age, place of residence, mothers' educational level, total number of children ever born, socio-economic status of household, preceding birth interval, mode of delivery, and size of child at birth. In observing the reported child mortality from several sociodemographic characteristics, an increasing percentage of child mortality was observed in the case of the mothers' age. Child mortality was significantly higher in rural areas (14.2% for male child and 12.8% for female child) compared to those in urban areas (10.7% for male child and 9.4% for female child). The mothers' educational level was significantly associated with child deaths. The child mortality rate for males was higher among women with no formal education (22.0%) followed by primary educated (14.5%), secondary educated (6.3%) and higher educated women (3.4%). A similar pattern of mortality was also observed in the case of female children; however, for each level of mothers' education, the percentage was comparatively lower than the mortality for males. For both sexes, the reported child mortality was high among poor households (17.4% for males and 14.9% for females) and the percentage decreased with the increasing socio-economic status.
Women with more than six children reported a higher percentage of child mortality for both sexes, whereas it was lower among women with 1-2 children. However, the percentage of child mortality was higher among those children whose preceding birth interval was less than 24 months and lower among those children whose preceding birth interval was more than 48 months (12.5% for males and 11.8% for females). The percentage of child deaths was higher among those children who were delivered normally (13.5% for males and 12.2% for females) than for children who were delivered by caesarean section (6.0% for males and 4.7% for females). The percentage of mortality was also higher among those children whose size at birth was small (16.2% for males and 14.6% for females); however, the percentage was lower among those whose size at birth was large (9.0% for males and 7.4% for females).
The results in table 3 indicated a positive high relationship with the place of residence and socioeconomic status, a negative high correlation with educational level and socioeconomic status, a positive correlation with the total number of children ever born and the mode of delivery and the other variables are negatively or positively correlated with each other. From table 4, the results showed an inverse moderate relationship with respondents' age and total number of children ever born, a positive high relationship with place of residence and socioeconomic status, a positive moderate relationship with the total number of children ever born, and positive moderate relationship with the mode of delivery and total number of children ever born. Table 5 represents the risk factors associated with child deaths. Two separate binary logistic regression models were fitted to identify the socio-economic correlates of child mortality for males and females. The selected socio-demographic variables considered in the two models are mothers' age, place of residence, mothers' educational level, total number of children ever born, socio-economic status of household, preceding birth interval, mode of delivery, and size of child at birth. According to the fitted models, all of the selected variables except place of residence and child size at last birth appeared to be statistically significantly correlated to child mortality in the case of males; whereas all of the selected variables except place of residence appeared to be significant correlates of child mortality in the case of females.
Risk Factors of Child Deaths
The findings from this study revealed that women who are aged 26-36 years have 33% and 26% lower risk of child mortality for their male children (OR = 0.67, 95%CI = 0.55-0.81) and female children (OR = 0.74, 95%CI = 0.59-0.91), respectively, compared to women aged 25 years and below. There was a negative association between higher education and child mortality. The risk was significantly lower among women who were higher educated followed by secondary and primary educated compared to women with no formal education. For example, in the case of female mortality, the risk was about 50% lower among higher educated women (OR = 0.51, 95% CI = 0.35-0.77) compared to women with no formal education. Household socio-economic status was an important indicator that was correlated with child deaths between both males and females. Middle class and upper households were 0.81 times (OR = 0.81, 95%CI = 0.69-0.93) and 0.71 times (OR = 0.71, 95%CI = 0.61-0.81) less likely to have sons die, respectively, than poor households; whereas, rich households had 0.81 times less (OR = 0.81, 95% CI = 0.70-0.93) chance of having daughters die. In addition, women whose total number of children ever born was 3-6 and more than 6 were 5.33 times and 21.42 times more likely of having sons die compared to women whose total number of child ever born was one to two. An almost similar risk was seen in the case of girl child's mortality.
The preceding birth interval also appeared to be another important correlate for both models. The risk of death was 0.71 (OR = 0.71, 95% CI = 0.62-0.81) times less for those whose preceding birth interval was 25-48 months compared to those whose preceding birth interval was less than 25 months. Sons who were delivered by normal section had 1.68 times (OR = 1.68, 95% CI = 1.25-2.27) more risk of mortality compared to sons delivered by caesarean. However, the risk was 1.47 times (OR = 1.47, 95% CI = 1.06-2.04) more in the case of daughters. Daughters whose size at birth was average were 1.53 times (OR = 1.53, 95% CI = 1.22-1.91) more likely to face mortality compared to daughters whose size at birth was large, which indicates that large size at birth is a protective factor for child deaths. For the fitted model, in respect of the Cox and Snell R 2 and Nagelkerke R 2 , 12% and 20%, respectively, of the variance for boys, and 12% and 21%, respectively, of the variance for girls can be predicted from the linear relationship of the eight independents variables. In respect of the overall percentage, 88% and 87% women were predicted correctly. The overall model was significant when all eight independent variables were entered.
Discussion
The child death rate reflects a country's level of socioeconomic improvement and quality of life. It depends on monitoring and evaluating the population and health programs and policies. These rates are also useful in identifying promising directions for the health and nutrition programs in Bangladesh [7] . The results of this study indicate that for the death of children less than 18 years of age by gender difference, a child's death depends on mothers' age, mothers' education, socioeconomic status, geographic difference and mass media awareness program. Births to younger women can generally be identified as high-risk births [2, 20] . This study confirms that children born (especially boy) to women of more than 25 years of age are at lower risk of child deaths. In Bangladesh, majority younger women are not developed economically, emotionally, physically, and are less mature, which, together with other aspects of their life, have a detrimental impact on their children.
Women's education has an inverse relation with children's deaths. Educational level is highly association with lower mortality risks because women's education provides the information about better pregnancy and child health care [7, 21] . The results show that the child deaths for boys is 0.711 times lower risk for those whose mothers have completed higher education than for those whose mothers are illiterate (6.3% to 22.0% deaths), and for the child deaths of girls it is 0.588 times lower for those whose mothers have completed higher education than for those whose mothers are illiterate (5.2% to 21.0% deaths). Mothers with higher education reduce the risk of child deaths by about half. Educated women have better income, higher health literacy and power to make healthier decisions for their health and that of their children [3] .
Child deaths in urban and rural areas in Bangladesh have a statistically significant risk difference. Some studies have identified that child mortality in rural areas is at higher risk than in urban areas [3, 10-14, 15, 22] . This study shows that there is a significant association with urban-rural and gender difference, such as the deaths of urban boys and girls (10.7% to 9.4%) and that of rural boys and girls (14.2% to 12.8%). This is because urban areas have good access to basic medical facilities and health care compared to rural areas.
The wealth index of women is the main way to determine the health status in a country. Some studies have shown a positive statistical association between low income and child deaths but an opposite relationship between high income and child deaths [3, 8, 17] . Similarly, in this study the lower income women are at greater risk for child deaths (boys and girls). Because lower income women have access to fewer medical facilities in rural areas, such as hospitals, doctors, paramedics or community based health workers.
Birth order is an essential measure of child deaths. Although some previous studies have shown that higher ranked birth order present a higher risk of child deaths, a few other studies have indicated that lower ranked birth order experience an increased risk of child deaths. The infants of first birth have a higher risk of neonatal mortality than fourth or higher-ranked births in India [23, 24, 25] . A study conducted in Taiwan [26] showed that children with first and fifth-ranked births are at higher risk of early child deaths, with same in Nigeria [27] . In this study, women who have children ever born 3-6 is 5.33 times more risk of boys child death, and children ever born more than 7 is 21.42 times more risk of sons child death as compared to women who had at least one child ever born. An almost similar risk is seen in the case of girl child deaths. Short birth interval and child deaths have a significant association in Bangladesh [3, 28] . Another study also found a similar risk association [29] . The risk of death is 0.71 times less for those women having a birth interval of 25-48 months compared to those women having a birth interval of less than 25 months. One of the limitations in this study is that the information was self-reported.
Conclusion
The causes of child deaths is important for health sector planning, especially in determining the program needs, and monitoring for improving intervention and reassessment of health priorities. Increasing mothers' education and making them productive to improve their income are important aspects for reducing child deaths. Hence, it is having needed to increase rural based community education programs about child deaths. Being a younger mother at birth, short birth interval and birth order have been identified as risk factors for increased child deaths in Bangladesh. Interventions targeted at empowering women and much effort in emerging rural areas is necessary. Reducing young motherhood and increasing satisfactory birth spacing are also necessary to reduce child deaths in Bangladesh.
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